In this note we show that for a given controllable pair (A, B) and any 2~ > 0, a gain matrix K can be chosen so that the transition matrix e (A+8;':)' of the system ~ = (A + BK)x decays at the exponential rate e -at and the overshoot of the transition matrLx can be bounded by MR t~ for some constants M and L that are independent of2. As a consequence, for any h > 0, a gain matrix K can be chosen so that the magnitude of the transition matrix e (A + ,K), can be reduced by 1 ( or by any given portion) over [0, hi . An interesting application of the result is in the stabilization of switched linear systems with any given switching rate ( see [ 1 1 ).
Introduction
Consider a linear system = Ax + Bu,
(1) where x (-) takes values in R", u (') takes values in R m , and where A and B are matrices of appropriate dimensions.
Suppose (A, B) is a controllable pair. It is a well known
fact that for any a > 0, a gain matrix K can be chosen so that the transition matrix of the system ~ = (A + BK)x decays exponentially at the rate of e -at , that is, for some R>0, II e (A+g~)t II < Re at, where and hereafter II II denotes the operator norm induced by the Euclidean norm on R n. To get a faster decay rate, it is natural to consider a "higher gain" matt-ix K1. However, such a gain matrix in general results in a bigger overshoot for the transition matrix e (A + 8tq)t. In this note, we show that in the pole placement practice, a gain matrix K can be chosen so that the overshoot of the transition matrix e (A+BK)t can be bounded by M;t L for some constants M and L independent of A. As a consequence, one sees that for any h > 0, a gain matrix K can be chosen so that the magnitude of the transition matrix e (A+BK)t can 1 be reduced by ~-(or by any given portion) over [0, hi. Note that this is a stronger requirement than merely requiringe (A+SK)t to decay at an exponential rate. An interesting application of the result is in the stabilization of switched linear systems with a given switching frequency (see [ 1 ] ).
The estimate of the overshoots of transition matrices in the practice of pole assignments has been studied widely (see e.g. [ 2 -4 ] ). Our main result in this note can be considered an enhancement of the Squashing Lemma (see [ 4 -6 ] ) which says the following: for any r0 > 0, 8 > 0, any 2 > 0, it is possible to find K such that
In the current note, we show that K can be chosen so that the estimate in (2) can be strengthened to II e <A*8'~ II ~< MaLe -a for some constants M and L which are independent of A.
Our proof is constructive that shows exphcitly how M and L are chosen.
Main result
In this section we present our main result. 
To get an estimate on A6 ~ , first note that 1 adjA0, (7) Adl -detA0 where adjA0 denotes the adjoint matrix of A0, and that detA0 = II (;tj -2i).
j>i Hence, if we choose ;tl ,"" ,2n in such a way that Ai+l ~< ;t i -lwith21 < 0, weget I detA0 II> 1.
Taking the structure ofadjA0 into account, it is easy to see that for C = adjA0,
